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THE CKARiOTERlSTlCS OT THE K.A.O-A. 97, OLARK Y, AMD 
N.A.0.A.-1£6 AIRFOILS WTXH PARTICULAR REFERIKOE 
TO THE ANOL? OF ATTACK. 
By Oflorge J. BigginB. 



This note civee the aerodynainJ.o oharaoterlatios of the 
.A.O.A. 97. Clark Y, aiwl II.a. 0. A.->46 airfoil Beotions as de- 
^eymined In the variable density tunnel at Langley Field, 

Vrsinia. Particular attention is called to the relation of 
he'oharactexlBtiCB to the angle of attae)£ In their use in 
xplanc design. . • ; 



In the adaptation of a certain airfoil eeotion to an air- 
lane design it is necessary to make a careful study of the 
iairf oil ohajJaoteristioB. in order that the hest perfoiaance may 
he attained on the ooiapleted airplane. Speed range and pay 
load are the important factors which are dependent dire-tly on 
a careful selection and uee of the wing section. The angle of 
TTing setting or incidence on an airplane should he known in 
terms of the ahsolute angle of attack. 
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The angle between any reference line on an airfoil seo- 

on at any time and that line when tbe direction of motion is 

loh that the lift is zero, is called the aheolute angle of 

taolc (see Figure l). It ie this angle that is used in thoo- 

^tical formulas for determinins airfoil oharaot eristics. One 

indB from experimental tests that the lift of an airfoil is 

-ireotly proportional to the ah solute angle of attack, being 

proximately the saoe for all sections. The minlmm drag 

pefficlent occurs at about zero lift or at about zexo absolute 
i ■ ' ■ 

gle of attack. The value of the minimum drag is, however. 

■pendent on the choice of the section. Likewise, the maxamum 

'<t is determined by the burbling characteristics pf ihe in- . 

'*ldual airfoil. 
jj^The ordinary or geometric angle of at tack .measured from 
3hoxd line is,, with -jaoet airfoils, different fr<a. the abso- • 
$«; angle of attack. For checking rigging and angle of inci^ 
noe it is most oonverxient to use tbe geometric angle as it 
« ..xeadily be measured. The designer, however, should be care- 
1^.. that he does not confuse the two, particularly if eoploylng 
.plrical formulas. 

^, To illustrate the above points, suppose that the following 
|liree airfoil sections ars chosen aa suitable for use in design*. 
K.A.O.A. 97 - high camber, 
Olark Y - medium camber, 
K.A.C.A*-K6 - low camber. 
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Pibeee sections are all medium tbiolc and tbe structural details 
™l tlio ^® similar. 

T" A medium sized airplane (say, a braoed monoplane) carrying 
la'groeB load of about 5000 pounds with sulttfMe wing area and 
powered witb a 400 HP. engine will bave, say. a landing speed 
loi between 50 and 60 il.P.H. and a speed range of about 2.5. 
'I^be high speed condition will make it necessary, therefore, 
Plbat the airplane fly with the wings set to give a lift corre- 
Isponding to a coefficient Cl of about 0.22. Should the 
foiark Y section be adopted, the geometric angle of attack for 
'p.evel flight at high speed would be -2.3° (see Figure 2).- 
ad tbe U5 or 97 section been chosen, the respective angles 
puldbe +2.3° and -6.7O. However, on the basis of absolute 
|gle of attack, the correct angle would be +3.1° f cr all 
Jiee sections (Figure 3). The three airfoil sections axe shown 
p Figures 2 and 3 in the sbove attitude for high-speed flight, ' 
;he appearance of the sections is very misleading. ^ It would 
|oarcely be suspected tbat the 97 or Clark V would give the 
['same lift as tbe IL& in the attitude shown. 

Referring to Figures 4 and 5, it may be seen tbat the drag 
coefficient curves as well as the lift curves based on absolute 
fangle of attack are similar. Polar curves and curves of pro- 
|f lie drag coefficient ODp plotted against Cj, are given in 
Trigures 6 and 7, respectively. The use of either of these lat- 
Iter curves for design eliminates possible errors due to tbe' 
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:wrong UBS of the angle of attaclc. Figure 7 inoludea oarres of 
.nduced drag coefficient Oj)^, , for convenience in obtaining 

I 

;;tiie correct Od for a wing of any aspect ratio. Cp curves 
are given (Figare 8) for the OXaxle 7 and U6 to complete the 
aata. Similar Information for the 97 is not available; how- 
ever, for a section with a high caunber like the 97, the Op 
ravel i$ more than for a section nice the Clark 7. 
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Airfoil Attitude At High Bpeed 
Same lift on each Airfoil, 
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